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Selective Encoding Based Ultrafast NMR Spectroscopy and 
Preliminary Design of the Z
2
 Gradient Coil 
Hu Hao 
ABSTRACT 
Nuclear Magnetic Resonance (NMR) spectroscopy serves as one of most 
powerful analytical tools nowadays. It has been widely applied in chemistry, biology 
and medicine. The ultrafast spatiotemporal encoding method proposed by Frydman et 
al. in 2002 largely enhanced the sampling efficiency of multi-dimensional NMR 
spectroscopy. In some applications, there may be several spectral peaks whose 
intensities are far stronger than others, and thus some weak peaks can’t be readily 
detected due to the limited dynamic range. These peaks usually contain information of 
interest. In practical chemical and biological applications, we often come across 
situations where only some selected peaks are of interest, e. g. peaks from labeled 
nuclei. Due to the bipolar gradient at high slew rate in the spatiotemporal encoding 
technique during decoding stage, non-continuous discrete frequency points can’t be 
selectively detected. In order to solve above two problems, this study puts forward a 
selective spatiotemporal encoding method. It utilizes a selective pulse to selectively 
destroy encoding processes of certain resonances. So it can be used to simplify the 
spectrum and realize selective suppressions or detect non-continuous discrete 
frequency points of interest. If the selective reverse pulse is replaced by a hard reverse 
pulse along with a selective reverse pulse, the spectrum finally only has spectral peak 
which has been selected by the selective pulse. Theoretical analyses and related 
experiments have proved the feasibility and validity of this method. The chemical 
shift information is converted to a sinc shape echo by the linear gradient which is the 
key technology to accelerate of the spatiotemporal encoding, and is also the source of 
the resolution insufficiency. For improving the spectral resolutions in 
spatially-encoded dimensions while preserving the acquisition efficiency, the concept 
of spatiotemporal encoding with Z
2














method of Maxwell coil to design and simulate of the Z
2
 gradient coil. 
 
 
























手段之一。1964 年后，磁场超导化的实现以及脉冲傅里叶变换技术（Pulse Fourier 
Transform，PFT）的提出，使 NMR 谱仪技术得到革命性的提高。1973 年，Lauterbur
把线性梯度磁场技术引入 NMR 谱仪进行空间编码，首次得到了一幅二维磁共振
图像，为核磁共振成像（Nuclear Magnetic Resonance Imaging, NMRI）这门学科
的诞生奠定了基础，揭开了磁共振成像技术应用到医学上的序幕。由于名称中带











量 p，即  p，式子中 为对应的原子核的旋磁比，是原子核的重要属性。根
据量子力学知识我们知道，原子核的自旋角动量是量子化的，不能随便取值，在















  1I I p  （1.1） 
式中 2h  （其中 h 为普朗克常量）。自旋量子数 I 的值是由原子核中的质
子数 Z 和中子数 N 来决定的。若质子数 Z 为偶数且中子数 N 也是偶数，此时 I =0，
原子核称为非磁性核，如 12C、 16O，不产生自旋角动量，没有 NMR 信号产生。
当 Z 为奇数且 N 也为奇数时，Z + N = 偶数，此时 I 为整数值；当 Z + N = 奇数
时，I 为半整数，这两类原子核均能产生 NMR 信号。I = 1 2的原子核，其电荷
呈均匀球形分布于原子核表面，这样的原子核不具有四极矩，此种情况形成的谱
线线型比较窄，是最理想的 NMR 检测状态。目前常用的 1H、 13C、 15 N 、 19 F、






2 1I  种排列方式，一般用磁量子数m 来表示，m 只能取 , 1, 2, ,I I I I   等值。
排列方向不同时原子核的能量不同。对于 1H来说，它的自旋量子数 I = 1 2，磁
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